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On any shore the food chains depend on the organisms present, their 
abundance, their distribution in space and time, and their feeding ability and 
preferences. Shore observations at low tide may give a general picture of the 
spatial distribution of the organisms, although it must be remembered that mobile 
animals while submerged may move considerable distances from the positions 
that they occupy at low tide. Some information on the predator's feeding ability 
may be gained from the relative distribution of predators and possible prey, and 
from occasional animals observed feeding. This can then be extended by 
laboratory experiments, in which each predator is offered various possible prey one 
species at a time. Later experiments giving a choice of two possible prey 
species will show feeding preferences, although these may be altered by prior 
feeding history., 
Much of the early work on predation was done in connection with the rearing 
and harvesting of economically important species. A useful summary is that on 
the oyster drills by Carriker (1955). Experimental cages on the shore have been 
used by Connell (1961) in Scotland and California, and Luckens (1966) in New 
Zealand' to determine the effect of abundant gastropod predators on barnacle 
zonation. In areas where caged shore experiments are not feasible any 
experimental work is restricted to the laboratory. Since conditions differ on the 
shore and in the laboratory care must be taken when applying the results of 
laboratory experiments to conditions on the shore. 
The zonation at Asamushi has been discussed by Hoshiai (1965) who dis-
tinguished six zones -a barnacle zone, a mussel zone, a serpulid zone, a sargassum 
zone, a coralline zone and an encrusting calcareous algal zone -and gave details 
of their distribution in the Asamushi area in relation to wave exposure, and to their 
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recolonisation. 
Hoshiai listed the muricid gastropods Thais bronni (Dunker) (as present in 
the mussel and coralline zones) and Ooenebra japonioa (Dunker) (as a component of 
the Sargassum zone) but he made no mention of predatory species present in the 
barnacle zone. Hirase (1930) stated that 0. japonica was common in the Iwate 
and Aomori Prefectures. 
The work described in this paper was undertaken to find the range of prey 
which could be eaten by the predators, their feeding preferences and the effect of 
predation on zonation in the intertidal zone. Emphasis was placed on Ocenebra 
since it proved the easiest of the species to maintain in the laboratory, it reached 
as high as the barnacle zone during at least part of the year and it was available in 
sufficient quantity for experimental pmposes. Since the final identification of 
the species referred to here as Ocenebra is not definite, a summary of the shell 
characters and their variation within the Asamushi area has been prepared 
(Luckens 1970). Originally the animals were thought to be 0. japonica, but a 
sample submitted to Dr. T. Habe of the Tokyo National Science Museum was 
identified as probably 0. !umaria Yokoyama. Hence a description of the range of 
variations of shell characters in specimens from the Asamushi area may be useful. 
Experimental work was extended to include the related muricid gastropods 
Thais bronni, T. clavigera (Kuster) and Nucella freycineti (Desha yes); the 
columbellid gastropod MitreUa tenuis (Gaskoin); the nassariid gastropod Retiou-
nassa frateroula (Dunker); a flatworm and three species of starfish (Asterina 
pectinifera Muller & Troschel, Asterias amurensis Lutken and Aphelasterias 
japonica (Bell) ) and to relate the experimental results to conditions found on the 
shore. 
The work was carried out at the Asamushi Marine Biological Station (Tohoku 
University) during the tenme of a Mombushil scholarship. My grateful thanks go 
to all the staff at both Asamushi and Sendai for their constant help and encomage-
ment. 
DISTRIBUTION OF OOENEBRA 
Dming 1967 extensive searches were made for both this and related 
species along the coast from Asamushi to Asadokoro. On the wide, low-level 
soft-rock platforms of the east side of the Natsudomari Peninsula a few specimens 
could usually be found in crevices beneath seaweed within 20 minutes. However 
their distribution was erratic. The species was absent on the harder, steeper 
rocks at Y asuizaki. On the steeper, more wave-exposed west coast Ocenebra 
were locally common in the Ohthamalus challengeri zone at Urada in spring, where 
barnacle-capped rocks were separated by algae-filled crevices. By the end of 
July all had moved subtidally, and ouly ten were found in 20 minutes search. On 
the reef between the Marine Station and Tsuchiya Ocenebra could still be found 
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intertidally at the beginning of September. At Yunoshima a few specimens were 
seen in crevices in the barnacle zone at Oyakoiwa. 
In the spring of 1968 (June 26th), although Ocenebra was still patchy in its 
occurrenee, there were many places on the west side of Y unoshima where 50 
specimens occurred within two or three metres of shore-line. Where the Ocenebra 
were on mussels, groups of two to five individuals tended to be scattered among the 
mussels, usually close to, barnacles settled on the mussels. Where the Ocenebra 
were on patches of Ohthamalus among the mussels, groups of 20-30 specimens were 
quite common (Pl. I, Fig. 1). By the end of August 1968 observations in the same 
areas showed that all the specimens were now sub-tidal, often among short 
turfing algae below the mussel zone. The uppermost specimens were at the lowest 
fringes of the mussel zone. On a submerged reef at Oyakoiwa a population of 
Ocenebra was found which was probably always submerged. The reef surface was 
separated from intertidal surfaces by deep water, and the Ocenebra population 
contained many young but fast-growing specimens (see Luckens 1970). 
The distribution of Ocenebra at Asamushi is at present rather unpredictable. 
During the year it shows definite vertical movements. In the winter all animals on 
steep shores where algae are scarce intertidally move down to subtidal areas. 
Where algae are abundant, shores gently sloping and the Ocenebra are infrequent, 
a few may remain low in the intertidal zone during the winter, but most disappear 
to subtidal areas during the cold weather. 
In late April or early May with the coming of warmer weather the Ocenebra 
once more appear in the low intertidal zone at Asamushi. However, on south-
facing slopes where there is no shade in crevices or under over-hangs, they may 
again disappear from the shore -presumably to lower levels -in July or August. 
During day-time low tides in spring (April to July) few of the Ooenebra reach up to 
the bottom levels of the barnacle zone where a mussel zone is present, though they 
are found on patches of barnacles within the mussel zone. Where the mussel zone 
is bounded below by algae, many Ocenebra are found on the lowest barnacles in 
spring. 
Thus in certain places, such as the south side of Hadakajima, Ocenebra may 
be intertidal for only a few weeks in spring before retreating down to lower levels 
once again. On shores with Sargassum thunbergii, they may be found in the 
shelter of the alga over a much longer period -from spring to autumn. 
BREEDING OF OOENEBRA 
In spite of numerous searches, neither copulation nor egg capsules of 
Ocenebra were seen on the shore. Between 9-19th June 1968 egg capsules were laid 
in several of the plastic experimental boxes in the laboratory. These were in 
small groups,· usually on the sides or bottom of the box, although one group was 
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laid on a mussel shell. The number of capsules in a group was 5 (intwo ins ta.nces), 
9(2), 10(2), 11(1), 12(1), 16(1), 17(1), 22(1), and 31(1). These last two larger 
groups appeared to have been laid by two or three animals, but the divisions were 
not clear. A small number of capsules examined contained from five to seven eggs. 
At the beginning of August when most of the eggs had hatched, a few still 
contained up to three larvae. 
At the end of June newly-hatched specimens were found on barnacle-covered 
Mytilus in the upper mussel zone, feeding on newly-settled Ohthcvmal!us. It appears 
likely that either egg capsules were laid earlier on the shore, or that development 
was faster than in the experimental tanks. The latter is unlikely since the 
temperature in the small tanks tended to be slightly higher than the sea tempera-
ture during the daytime. However, the effects of insolation on the shore are 
unknown. 
METHODS, FOOD AND BORING BEHAVIOUR IN THE EXPERIMENTS 
The first series of experiments (April-May 1967) was carried out in petri 
dishes, changing the water and removing dead animals twice a day. This was 
reasonably satisfactory when Mytilus was used as prey, but the Ohtharnal1ts tended 
to die, and dead barnacles not only fouled the water, but could not be distinguished 
from living ones without using a dissecting microscope and disturbing feeding 
Ocenebra. A scarcity of animals brought that series to a close, and it was not until 
the spring of 1968 that they were able to be resumed. 
The 1968 series of experiments was carried out in plastic boxes in a cascade 
system with continuously-fimving sea-water. Under these conditions all the 
experimental animals remained in good health and food was replaced every three 
or four days. Such conditions probably resemble those on the shore during 
moderately rough weather, when the Mytilus zone and lower Ohtharnalus zone are 
constantly wet, and also subtidal populations of Ocenebra. 
When mussels were used as prey only the dead specimens were replaced at each 
inspection, but when barnacles (on Mytilu.s valves) were used, all the barnacles 
were removed and replaced by freshly-collected ones. Before use barnacles were 
scrubbed free of algae, silt and other organisms and examined to see that all were 
alive and undamaged. 
All Mytilus eaten by Ocenebra were bored, and eaten through the bored hole. 
Occasionally the same Mytilus was bored by more than one Ocrmebra, but each fed 
through its own bored hole. Open, partly-eaten Mytilus were never finished by 
other Ocrmebra, but on the shore such decaying flesh would soon attract scavengers. 
Barnacles were also bored, usually at the junction of the apical plates where a long 
scraped out depression was common, but borings in the parietal plates were the 
usual neat slightly-tapering holes like those bored in the mussels. 
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The species of prey eaten by Ocenebra during feeding trials included the 
barnacles 0. challengeri, Balanus . flrigonus, B. albicostatus albicostatus and B. 
tintinuabulwm rosa and the mussels Mytilus edulis and Septifer virgatus, and it was 
expected that a wide range of animals would be eaten under natural conditions. 
THE EARLY EXPERIMENTS IN PETRI DISHES 
In these experiments the Ocenebra were individually marked with paint so that 
individual feeding rates and. behaviour could be noted. At each examination the 
number of dead M. edulis, the number of Ocenebra on M. edulis (dead or alive), and 
the number of Ocenebra on the floor, sides and lid of the petri dish were recorded. 
Dead Myti/;us were removed, but Ocenebra on closed M. edulis shells were not 
disturbed. 
There were 374 records of Ocenebra on M. edulis, but many of these were 
evidently not feeding. Twenty-eight of the 86 dead M. edulis had Ocenebra 
still feeding on the last of the flesh when examined. These 28 M. edulis had been 
eaten by 15 Ocenebra. Eight had each eaten one, four had eaten two, while the 
other three had eaten three, four and five M. edulis each respectively. Since this 
accounts for only a third of the total number of M. edulis eaten it is not a fair 
estimate of individual feeding rates, but it did give some information about the 
mean length of time spent on one M. edulis by a feeding Ocenebra. Variations 
in shell thickness and hardness would account for some of the variation in boring 
and feeding times. 
The length of time spent by one Ocenebra on an M. edulis which was later 
fonnd bored with the Ocenebra still feeding, ranged from less than 12 hours to at 
least 60 hours. Since one Ocenebra was found feeding on two different bored M. 
edulis at two consecutive examinations, an M. eclulis 13 mm long can be bored and 
eaten within 12 hours. The mean time taken to bore and eat a M. edulis was 
between 12 and 24 hours. In this experiment the Ocenebra were interfered with as 
little as possible, but in later experiments where a record of feeding animals was 
kept, all apparently-feeding specimens were gently prodded. Those which were 
merely sitting on the M. edulis usually withdrew into their shells and were readily 
detached, while those that were boring or feeding tended to clamp down more 
firmly on to the M. edulis. 
Ocenebra which had crawled on to the sides or the lid of the dish were gently 
dislodged when the water was changed at each examination, and put back with the 
prey. Throughout the experiment there were periods when one Ocrmebra might 
be found on the lid at all of as many as seven consecutive examinations, although 
removed to the bottom of the dish at each examination. Since each Ocenebra ate 
an average of 3.58 M. edulis during the 38 days of the experiment, and since the 
average time taken to bore and eat one M. edulis was less than 24 hours, it follows 
that much of the time was spent either crawling or resting. 
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A parallel experiment using 0. ohallenge;ri as prey gave much the same results 
as far as time spent on the prey or on the dish, but since dead barnacles could not 
be distinguished without removing all predators and examining the barnacles 
microscopically, the number of barnacles eaten could not be determined. During 
this experiment the Ooenebra were unaboidably deprived of prey for two periods 
of 3 and lO days. Mter both these periods of enforced starvation, the number of 
Ooenebra recorded on the barnacles rose and then fell, suggesting that a period 
without food increases the likelihood of feeding responses when food is again 
offered. 
In this series of experiments large (12 mm high or larger) Ooenebra ate M. 
edulis, 0. ohallenge;ri and species of Balanus, but the youngest Ooenebra (with a 
shell height of less than lO mm) died without feeding when M. eilulis alone was 
offered to them, although feeding readily on 0. ohallengeri. 
EXPERIMENTS USING THE CASCADE SYSTEM 
Feeding Rates of Ooenebra: 
If the prey offered to the predator is acceptable then within a short time all 
the predators should start to feed. The number of predators feeding, and the 
number of eaten prey (or the weight of eaten prey) should reflect the food pre-
ferences of the predator. Since feeding rate is affected by variation in boring 
times, the number of predators attempting to feed is a more valid indication of 
food preference than the total number eaten in a given time. 
Using Ocenebra collected from 0. challenge;ri in front of the Aquarium, 
experiments were set up in screened plastic boxes in a cascade system. Each box 
was divided in two by a plastic screen allowing two experiments to be run 
concurrently. Dead animals (or if 0. challenge;ri was used as food, all the barnacles) 
were removed, their numbers recorded and fresh animals added at intervals of 
two to four days throughout the experiments. The animals were totally sub-
merged at all times, but the water falling from box to box was well aerated and 
continuously flowing. 
In the first series of experiments ten Ooenebra were used as predators and the 
prey consisted of-
1. 0. challenge;ri -between 40 and 100 specimens on each of three to four 
valves of Mytilus. 
2. M. edulis -20 specimens between lO and 20 mm long. 
3. II 40 II II II !I II 
4. 20 
plus 0. charenge;ri as in 1. 
Since the Ocenebra when collected had been feeding on 0. challenge;ri and not 
on M. eilulis it was thought likely that they would prefer the barnacles when given 
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a choice. However, given no choice, since they do eat M. edulis it was anticipated 
that they would feed on it also. The average flesh weight of the 0. ohallenge;ri 
(0.01 g) was less than that of the M. eilulis (0.0822 g) and it was expected that 
more 0. challengeri would be eaten in a given time, provided that the time taken 
to bore into 0. challenge;ri was not much greater than for M. edulis. From 
previous experiments it was known that both species could be bored and eaten in 
less than a day. 
Result: 
Feed offered 1. (C) 2.(M) 3.(M) 4.(M) 4.(0) 
20 40 20 
Av. no. prey eatenfday 9.254 0.686 1.108 0.217 8.139 
Av. no. Ocenebra feeding/examination 3.810 1.181 0.133 0.333 3.066 
Av. flesh weight/day in grams 0.093 0.055 0.082 0.015 0.081 
The results are all expressed as total results for ten Ocenebra. At each 
examination more Ocenebra were feeding on 0. challengeri than on M. edulis and 
both the number and flesh weight of prey eaten was greater. When both species 
of prey were offered together the amount of M. edulis eaten fell sharply while the 
amount of 0. challengeri eaten was hardly altered. From these results it appears, 
at least for these Ocenebra collected from 0. challengeri, that 0. challengeri is the 
preferred food, but that M. edulis can be eaten if there is no choice. 
Where Ocenebra were present at low levels on a wave-sheltered soft shore 
strewn with numerous rooks, it was often possible to collect them by putting rooks 
thickly-covered with 0. challenge;ri out and then visiting them at intervals. This 
was sometimes effective near low-level beds of small Mytilus. The Ocenebra were 
usually to be found on the lower sides of the 0. challengeri-oovered rook, close to 
their food supply and also protected from desiccation. 
FEEDING RATE IN RELATION TO PREY DENSITY 
Since Ocenebra is a mobile animal and the size of the experimental boxes was 
fairly restricted, an increase of prey density was not expected to affect the feeding 
rate greatly. In addition to the boxes with ten Ocenebra and 20 and 40 M. 
edulis mentioned above, a ruther pair of boxes with 80 and 160 Mytilus were set 
up. The M. edulis, though separated before being put in the tank soon became 
aggregated into clumps before attaching more permanently. Although most of 
the M. edulis remained on the floor of the tank, others climbed up the sides and 
occasionally on to the lid before attaching firmly. All of the box was accessible to 
the Ooenebra. 
Results: 
Number of M. eilulis 
20 40 80 160 
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Av. no. prey eaten/day 0.6860 1.1080 1.2195 0.1010 
Av. no. Ocenebra feeding 1.1810 0.7330 1.5380 1.5380 
Av. daily weight eaten 0.0553 0.0820 0.0934 0.0605 
Contrary to expectations the number and weight of prey eaten did increase 
with the increase of prey density up to 80 M. edulis per box. However, the box 
with the densest concentration of prey also had feeding rates only slightly in excess 
of those of the box with the least dense prey. The reason for the drop in feeding 
rate at the highest prey concentration becomes apparent when the behaviour of 
the M. edulis is considered together with that of the Ocenebra. M. edulis, though 
usually thought of as sessile animals can and do detach themselves, move, and 
then secrete new byssus threads. Even when not moving long distances, 
they are still secreting new byssus threads at intervals. These threads attach to 
the substrate and to surrounding objects including neighbouring mussels. An 
Ocenebra feeding on the top of a M. edulis at the fringe of a cluster is hardly 
affected by this byssus-attaching process, but one feeding or boring a M. edulis 
surrounded by other mussels is lilcely to have byssus threads attached to its 
shell. When several threads have been attached, the Ocenebra is held firmly 
among the mussels. The Ocenebra is unable to move and feed, and unless able to 
free itself will die. In the experimental boxes trapped animals were freed at each 
examination. 
While collecting Ocenebra from the shore in late May 1968 several still-living 
Ocenebra were found firmly held by byssus threads among mussels, and on previous 
occasions empty shells similarly trapped had been found. The longer an Ocenebra 
remains among mussels, the more likely it is to be caught. 
The time spent boring and feeding it related to the thickness of the mussel 
shell. In a short experiment using small, thick-shelled Septifer virgatus of a 
similar length to the M. edulis, almost all the Ocenebra became trapped. The S. 
virgatus were readily attacked by the Ocenebra but their thicker shells took longer 
to bore. Three days after the start of the experiment eight of the ten Ocenebra 
were feeding, but there were no dead S. virgatus. Mter a further three days there 
were five dead S. virgatus and four Ocenebra still boring or feeding. Throughout 
the experiment (15 days) the average number of boring or feeding Ocenebra was 
4.6 which is markedly higher than when feeding on M. edulis. 
EFFECT OF PRIOR FEEDING 
Ocenebra J·aponica was introduced to Puget Sound with the Pacific oyster but 
is greatly feared by oystermen there because of its voracity among the thin-shelled 
Olympia oysters. Under experimental conditions 0. japonica ate oysters almost 
to the exclusion of mussels while Thais lamellosa (the native drill) ate mussels 
ahnost to the exclusion of oysters (Chapman & Banner 1949). Both these drills 
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were continuing to feed on the food they had eaten prior to collection, and 
barnacles formed a very minor item of diet. 
In contrast to this 0. japonica collected from Pacific and Olympia oysters 
consumed greater numbers of bay mussels when given a choice of mussels, clams and 
2 species of oyster (Chew & Eisler 1958). However they still conclude that during 
the experiments a drill continues to attack the same species of food that it attacked 
previously in the experimeJ;tts, which may not be the same food eaten prior to 
collection. In experiments mussels constituted 42.6% of the food organisms 
attacked, clams 36.5%, Olympia oysters 20% and Pacific oysters 0.9%, though 
the drills were collected from oyster beds. 
Although 0. japonica was introduced with the Pacific oyster it did not eat this 
in Puget Sound when Olympia oysters occurred. Once there it fed consistently 
on Olympia oysters. Similarly the specimens collected from oysters but offered 
mussels changed their diet abruptly but continued to feed ·consistently on the new 
food. 
At Asamushi although Ocenebra collected from areas where they had been 
feeding on a. challengeri preferred this to M. edulis, there were some populations of 
Ocenebra which lacked access to a. challengeri and were assumed to feed on M. 
edulis. Usually, when Ocenebra were collected for feeding experiments they were 
divided into groups of ten, and half of the groups were fed M. edulis and the other 
half a. challengeri. 
The earliest indication that prior feeding may influence later feeding was when 
young Ocenebra collected from a. challengeri refused to feed on Jll. edulis and died, 
while those offer~d a. challengeri fed readily. Larger specimens would feed on 
either food. A later sample of young specimens collected from among algae where 
small Mytilus were present fed on either food in subsequent experiments. It 
would be interesting to know what influences the initial choice of food of newly-
hatched specimens. 
Ocenebra collected in the field as adults usually ate either M. edulis or a. 
challengeri. To see if the previous food would affect later preferences 20 Ocenebra 
were fed for at least two months on M. edulis, and another 20 on a. challengeri. 
At the end of this time each group was divided into two, and half was fed as 
before while the other half was changed to the alternative food. Since feeding 
rates may differ with season and water temperature only experiments run 
concurrently have been compared. Even then there was a certain amount of 
variation between different batches. The M. edulis were fed at the rate of 40 
specimens to each batch of ten Ocenebra, while the a. challengeri were fed as three 
of four mussel valves each bearing 40-100 barnacles. Only the dead M. edulis 
were replaced, but all the barnacles were completely renewed at each examination. 
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Result: 
Previous food O.ch O.ch O.ch M.ed M.ed M.ed 
Present food O.ch 0. ch M.ed O.ch M.ed M.ed 
Av. no. prey eatenfday 4.820 8.058 0.029 9.976 1.383 1.058 
Av.weight eatenfdayf10 Ocenebra 0.048 0.081 0.004 0.099 0.180 0.114 
Over the period of two months both groups fed on their respective prey. A 
change from M. edulis to 0. challengeri was followed by feeding rates comparable 
with those of the specimens which had been fed 0. challengeri previously. Since 
earlier results had shown a tendency for barnacles to be preferred to mussels, this 
was not surprising. A change from 0. challengeri to M. edulis gave distinctly 
contrasting results. In the period up to the first examination after the food 
change, one mussel was eaten. Thereafter no further mussels were eaten as long 
as the experiment continued (34 days). 
Like other members of its group, Ocenebra seems very resistant to starvation. 
After eight months starvation under conditions of total and constant submersion 
in the laboratory (November to July) 70% of the specimens were still alive. Even 
after a year ahnost 20% were still alive. These results apply only to apparently 
adult specimens with a shell height of more than 10 mm. Younger specimens, 
particularly newly-hatched ones may die in less than a week if deprived of accept-
able food. Thus, adult specimens, conditioned to feed on 0. challengeri can and 
will starve for long periods rather than eat M. edulis in the absence of 0. challengeri. 
However, Mytilus-oonditioned specimens will not only feed on either food, but 
may even show a preference for Ohthamalus if it is available. 
Since Ohthamalus-fed adult specimens retreat down to subtidal areas where 
Ohthamalus is absent during the colder months of the year, and are capable of 
surviving without food for lengthy periods, they may not feed while in these 0. 
challengeri-free areas. 
. The means. by which a newly-hatched Ocenebra selects its prey, and the 
conditioning effect of the food of its parents would make an interesting investi-
gation. The experiments did show that there were differences in food preference 
between different natural populations, though in some oases at least these could 
be modified by the food available. Young stages were the least adaptable and 
the least able to withstand starvation. 
THE FEEDING OF NEWLY HATCHED OOENEBRA 
A number of newly-hatched Ocenelrra collected on mussel shells covered with 
both newly-settled and one year old 0. challengeri. Several of the adjacent 
newly-settled barnacles, the oldest of which was less than three weeks old, had 
been bored through the parietal plates and eaten. In spite of their small size the 
Ocenebra crawled much more readily than adults and were difficult to retain in 
PREDATION AND INTERTIDAL ZONATION AT ASAMUSHI 43 
dishes. 
Two specimens collected on J nne 29th ate 77 barnacles in eight days. When 
collected, the beginning of the first whorl of the adult shell was barely distinguisha-
ble from the protoconch, but after six days one specimen had the first whorl 
completed, and the other specimen had it ahnost completed. Such small predators 
are easily overlooked on the shore and the dead barnacle shells are soon washed 
away leaving no evidence of the heavy predation. 
FEEDING AND GROWTH RATE OF JUVENILE AND ADU'LT OOENEBRA 
In late May 1968 Ocenelrra were collected from the reef to the east of the 
Marine Station boat harbour, where M. edulis, 0. challengeri and various algae 
grow mixed in patches on a fairly flat rook surface interspersed with shallow pools 
and falling away steeply on the seaward side. Among the sample were 16 
specimens with a shell height of less than 10 mm and a body whorl diameter of up 
to 6 mm. The specimens collected from among algae were thought to be feeding 
mainly on small Mytilus newly-settled on the old stmnps of Sargassum. 
This sample was divided into two, and placed in the two halves of a plastic 
box in the cascade system. Half were supplied with M. edulis and half with 0. 
challengeri. The feeding rates until early July were as follows:- corrected to ten 
Ocenebra 
Av. no. prey eaten/day 
Av. no. Ocenebra feeding/examination 









The shell heights of these Ocenelrra were measured in mid-June and mid-
August. Both times the largest specimen was among the Mytilus-fed ones. The 
mean height of the specimens in June was 12.1 mm (Mytilus), and 12.6 (Ohtha-
malus), and in August 19.5 mm (Mytil!us) and 20.0 mm (Ohthamalus). The 
conditions in the laboratory appeared to result in faster growth-rates than occur 
naturally on the shore. Small specimens when given acceptable food grew rapidly 
iu the laboratory, but many of those collected as adults showed little or no 
increase in size during the experiments. Fearon (1962) using the similar New 
Zealand genus Lepsiella was also able to obtain faster growth rates in the 
laboratory compared with natural rates on the shore. 
The specimens used for the feeding experiments were all apparently adult and 
many of them produced no shell growth during the course of the experiments. Two 
sets of ten Ocenebra with new shell growth were tested against a set with no shell 
growth. The sets showing new shell growth had eaten 47 and 28 M. edulis, while 
the set lacking shell growth had eaten 36. Using 0. challengeri the set with new 
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shell growth ate 27 4 barnacles compared with 164. All five sets were feeding on 
the same food as in previous experiments. 
FEEDING OF LARGER WHELKS 
Three larger species of whelk were used in feeding experiments at Asamushi. 
They were Thais bronni and T. clavigera oolleoted from the area near Asamushi, 
and Nucella Jreycineti oolleoted at Same of the Paoifio coast near Haohinohe, 
Aomori Prefecture. All three species, together with other related whelks, were 
seen to feed on Mytilus and also on large barnacles suoh as TetracUta squam<Jsa, 
Balanus tintinnabulum and B. oariosus where these were available both in the 
Aomori Prefecture and other parts of Japan. 
In the earliest experiment five specimens ofT. bronni ate eight M. edulis 
(20-25 mm long) in five days. The M. edulis shells were left gaping open and 
completely devoid of flesh but when examined oarefnlly the only sign of damage was 
a slight uiok ont of one or both shells. Snob damage, if it had been caused by a 
knock or by experimentally removing a piece of shell wonld have been quickly 
repaired by the mussel. Collection and careful examination of dead mussel shells 
from areas where these whelks were abundant revealed similarly damaged shells, 
but similar damage is not uncommon even where the mussels are still alive and 
this whelk is absent. When kept in tanks in the oasoade system with T. bronni the 
M. edulis were regularly found eaten ont, but with little or no sign of shell damage. 
However in the absence of T. bronni the mussels remained alive indefinitely. 
In contrast both T. clavigera a,nd Nucella Jreycineti bored almost all the 
M. edulis they ate both in captivity and on the shore. All sizes of M. edulis 
offered (5-55 mm long) were eaten by all three species. The bore holes were 
typical murioid bore holes, oiroular in section and tapering slightly from the 
outside to the inside (Carriker 1955). 
FEEDING OF SCAVENGING GASTROPODS 
Mitrella tenuis is a scavenging oolumbellid gastropod from the lower intertidal 
zone and also ooours subtidally. It may be oolleoted very simply from bamboo 
pots baited with dead fish. It is a highly mobile gastropod, and its distribution 
can be altered by any factor which results in an abundance of dead or damaged 
animals. Where conditions do not permit intertidal feeding during low tide..: during 
hot summer days for example- it will move up into the intertidal zone with the 
incoming tide, then retreate down again. In spring it has been observed feeding 
on barnacles which have been dislodge following the death of intermingled algae by 
the increased exposure of low spring tides. Starfish also gather to feed on these 
barnacles, and also on heat-killed M. edulis in summer. 
Duri.llg feeding tests in the laboratory Mitrella toouis was offered mussels, 
littorinids, barnacles and limpets, both alive and undamaged and also as de-
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shelled flesh; The live animals were all investigated by the Mitrella but were not 
damaged, while the flesh was quickly eaten. If only one piece of flesh was placed 
in the dish, then the several Mitrella wonld gather and feed together, eaoh trying to 
gain the food for itself. Suoh behaviour is in contrast to that of predators suoh as 
Ocenebra. In laboratory experiments Ocenebra when feeding on the larger mussels 
wonld often eat only part of the flesh before moving away. The remaining flesh, 
often starting to decay is r~adily eaten by Mitrella as long as the water remains 
unfonled. 
The nassariid gastropod Reticunassa fratercula was similarly found to eat 
any flesh offered to it, but was unable to eat living animals so long as these were 
undamaged. These two animals were scavengers and not predators. 
FLATWORM PREDATION 
A flatworm superficially similar to Stylochus ·zanzibaricus, which was suspected 
as a barnacle predator in New Zealand (Skerman 1960) was common during the 
warmer months of the year among Ohthamalus and Mytilus, and also under low-
tidal and subtidal rooks. At low tide intertidal specimens retreat inside dead 
barnacle shells or between mussels. This habitat, together with its small size 
(np to 15 mm long) and semitransparenoy makes it diflionlt to estimate its density. 
A rook welloovered with Ohthamalus if placed among sub- or lowtidal rooks where 
Ohthamalus is absent or soaroe will attract flatworms from surrounding areas. 
Suoh a rook 20 om in diameter may oolleot 40 or more flatworms after only one or 
two days exposure. 
On the shore the flatworm has not been seen feeding, although it is found in 
association with both mussels and barnacles, so experiments using 0. challengeri 
and M. edulis as prey were set· up in the laboratory. In contrast to the difficulties 
experienced by Skerman in keeping a similar species in the laboratory, the 
animals survived well during experiments continued for longer than a week. 
Starved specimens also survived for several weeks although their size gradually 
decreased. 
During the day all the worms were inactive, usually in places affording maximum 
oontaot with the substrate. Where empty mussel shells were available, the worms 
crawled into the most enclosed part of them often between the edge of the shell and 
the covering fringe of periostraoum. If the dishes contained no cover, the worms 
rested along the curve between the side and the bottom. If empty barnacle shells 
were available, the worms spent the day in these. Worms were never observed 
feeding in the daytime, but suitable food disappeared during the night. 
In the laboratory the worms fed readily on either living, undamaged attached 
barnacles or on detached specimens or tissues. Worms fed on 0. challengeri 
usually turned. dark brown due to the dark masses of ingested food, becoming 
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gradually paler until after a week they could not be distinguished from starved 
specimens. In contrast the eaten out barnacles were pale and easily distingui-
shed from specimens which had died from other causes, except in the smallest, 
youngest and consequently palest barnacles. 
The first night after one set of experiments was started, a worm was found 
extended over the top of a barnacle. Once illuminated it moved away revealiug 
an open, eaten barnacle. There was no sign of damage to the barnacle plates in 
this or any other of the eaten barnacle. Feeding always seemed to take place at 
night in the laboratory, and commenced the first night that barnacles were offered. 
In short-term experiments the worms ate an average of two barnacles each a night. 
Although more than twice as many small, young barnacles were offered to them as 
older, larger specimens (270 compared with 124), a greater number of the larger 
specimens were eaten (39 compared with 29). 
M. ei!Julis 3-15 mm long remained uneaten in the absence of other food over 
a period of two weeks. Although the worm was expected to be capable of gaiuiug 
entry to the live mussels, mussel flesh alone was also offered. In contrast to the 
overnight disappearance of the barnacle flesh, the mussel flesh remained uneaten. 
Skerman found that much higher proportions of Balanus amphitrite cirratus 
and B. trigonus were affected by Stylochus zanzibaricus than of the smaller 
barnacle Elminius modestus, and felt this could possibly be explained by the relative 
sizes of the opercular opening and the invading flatworm. He also found these 
flatworms during the summer. The species found at Asamushi, superficially similar 
to S. zanzibaricus was also noted only during the warmer months of the year. Egg 
capsules were not seen at Asamushi, though there is a record of S. ijimai breeding 
there in July and August (Hirai 1963). 
Whenever this worm is present it is able to eat large numbers of barnacles. 
Unlike larger predators it can find shelter close to tlie barnacles and is not forced to 
retreat down the shore in summer so long as any small damp barnacle or mussel 
shells remain. 
FEEDING OF STARFISH 
Although Asterina pectinifera is known to feed on algae on the shore and ate 
both Ulva and Porphyra during laboratory experiments, it would also feed on 
fish flesh, mussel meat and Asterias. 
Asterias amwrensis and Aphelasterias japonica are carnivorous starfish. 
During laboratory trials they ate any flesh offered to them except that of the 
trochid gastropod Monodonta labio. Flesh eaten included that of barnacles 
mussels, limpets, littorinids and Mitrella. When confined with living undamaged 
prey these starfish were able to eat all except Mitrella which is often found with 
these starfish feeding on dead or damaged animal flesh. As long as the M itrella 
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are alive and undamaged they are safe with the starfish. This is in direct contrast 
to the behaviour of the starfish when they come into contact with other gastropods 
such as Ocenebra, Littorina and limpets. The behaviour of the two groups of 
scavengers can be seen from the following notes made during the course of some of 
the experiments. 
'Yhen a ~arge piece of M ytilus flesh was added to a tank contaiuiug both 
Astertna an M,trella, the Mitrella reached it first, closely followed by the Asterias. 
Two starfish took opposite ·ends of the Mytilus and proceeded to climb the sides "'f 
the tank with the flesh partly in their stomachs, and partly stretched between 
them. Seven feeding Mitrella were strung along this stretched piece of flesh. As the 
Asterina continued pulling in the mussel flesh the Mitrella slowly moved along and 
continued feeding even while beneath the arms of the starfish. 
A second piece of mussel was added to the tank. This time an Asterieas 
moved over both the flesh and two feeding Mitrella. These were joined by three 
others that made their way in under the starfish without opposition. Their 
c~mbined efforts removed most of the flesh beyond the Asterina and they con-
tmued to feed without interruption. The Mitrella seemed to be repelled by the 
stomach of the Asterina. However they continued feeding while moving away 
from the stomach region pulliug the flesh with them. 
When Asterias and Mitrella were kept in a tank with living Mytilus the 
mussels were eaten by the Asterias. A Mitrella was seen to move under a feeding 
Asterias, and presumably it also fed on the Mytilus flesh after the starfish had 
gained entry. Only a species which is not eaten by the starfish could take 
advantage of such an additional food supply. The Mitrella do not appear to 
behave in any particular way towards the starfish, but the starfish are able to 
distinguish them from other living gastropods, including predatory species such 
as Ocenebra, when alive but not when dead. 
SEASONAL INTENSITY OF PREDATION AND ITS 
EFFECT ON ZONATION 
Several species of predator occur on the shore in the Asamushi area, and each 
can feed on a certain range of prey. The seasonal movements of Ocenebra have 
been mentioned above. In general the predators show seasonal movements and 
are absent from the intertidal zone during the winter. Starfish are commonest 
in the intertidal zone in late summer and autumn though rarely found any higher 
than the upper mussel or lowest part of the 0. challengeri zone. The larger 
Thais species are also usually found in or below the mussel zone. Hence during 
the winter predators are virtually absent from the intertidal zone, but they are 
densest during the warmer months, particularly spring and autumn. 
Compared with shores in warmer areas such as the sourth of Japan or the north 
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of .New Zealand, predator density was low even during those times of the year 
when they were most abundant. If the effect of predation on the a. challengeri 
alone is considered it can be seen that it is only in the lower parts of its distribution 
that predation is at all important. Low-level patches of a. challengeri within the 
mussel zone could suffer heavy predation in the spring. However, the period when 
this predation by Ocenebra is most intense is followed by the settlement of M. 
eduUs in the summer. Thus many of the barnacles at this level will soon be 
smothered by M. edulis which is responsible for more deaths than those caused by 
predation. 
Predation by flatworms is most severe among those barnacles settled on 
mussels and in the small isolated populations on low-tidal rocks bedded in mud 
or silt. Ocenebra also feed on both these populations of a. challengeri. The a. 
challengeri on M. edulis are a low-level, fast-growing population and, though 
usually surviving ouly two years, can sometimes breed in their first summer and 
have a longer, more continuous breeding season than those in the barnacle zone. 
Hence they contribute a larger proportion of larvae than might be expected from 
their numbers alone (Luckens 1969). This population, though not safe from 
smothering by mussels in years of heavy settlement, is perhaps the population most 
affected by predation. Areas of ahthamalus zone bounded below by algae are 
affected much more by algal smothering than by predation. 
Though Ocenebra may be responsible for the death of more than 90% of the 
a. challengeri in small patches of barnacles at low levels in the spring, they are soon 
forced to retreat lower on the shore and cannot keep up the continual predation 
pressure exerted by comparable predators against similar barnacles on other 
shores. Removal of all the Ocenebra would have little if any effect on the zonation 
at Asamushi. 
Under experimental conditions Ocenebra ate Mytilus and Septifer as well as 
various species of barnacles. Under natural conditions Ocenebra would rarely 
encounter Septifcr on the shore as it occurs at lower levels than this mussel. The 
dangers to Ocenebra from feeding in Mytilus beds have been mentioned. However 
at least one population appeared to be restricted to an area devoid of barnacles 
and dominated by Myti/;us. 
As with other gatropods preying on barnacles Ocenebra did appear to prefer 
larger barnacles to smaller ones (within a size range that could be bored an eaten). 
The larger Balanus albioostatus albicostatus was preferred to a. challengeri, although 
its tendency to occur in areas of changing salinity often near fresh-water influence 
would usually remove it from contact with Ocenebra. Other species such as B. 
trigonus, B. tintinnabulum rosa and B. rostratus are eaten by Ocenebra when 
available but as they occur in small numbers and are not zoning species they would 
presumably form ouly a small part of its diet. It is ouly where predation is 
combined with some other adverse factor such as competing organisms or unstable 
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surfaces that Ocenebra has any noticeable effect on zoning species in the Asamushi 
area. 
Mussels provide food for several species of molluscs, as well as other animals 
including starfish and man. M. edulis is a relatively recent arrival in Mutsu Bay 
and, as in other areas, its distribution and abundance fluctuates from year to year. 
Each spring all the larger accessible specimens are removed and eaten by the local 
people, but summer usually brings a replacement settlement. M. eclulis is thought 
to be taking over and cro\'vding out the older-established Septifer virgatus, perhaps 
partly due to its earlier settlement season. By the time the Septifer spawn in 
mid-August most of the available space has been taken by recently-settled M. 
edulis. Sub-tidally the combined action of predators may virtually wipe out M. 
edulis beds in restricted areas, but intertidally predators are present for such a 
short time that they can have little effect. 
Compared with other shores as for example, northern New Zealand, where 
Lepsiella scobina can effect the complete turnover of the Elminius modestus 
population by concentrated and sustained predation of the larger size groups, or 
where N eothais scalaris can define the lowest limit of adult EUminius plicatus by 
removing all those within its feeding range, predation plays a minor part in 
intertidal zonation at Asamushi. How much of this is related to the more severe 
climate, resulting in seasonal migrations of the predators in response to adverse 
conditions is not known. Does this also have some effect on the actual density of 
predators which is much lower at Asamushi than in southern Japan or even in 
areas on the Pacific coast near Hachinohe, and similarly much lower in southern 
New Zealand compared with areas around Auckland. 
SUMMARY 
The muricid gastropod Ocenebra had an erratic geographical distribution in 
the Asamushi area and was usually subtidal in the winter months. During June 
egg capsules were laid in the laboratory and newly-emerged specimens collected on 
the shore. Ocenebra was capable of eating a wide range of living prey including 
barnacles and mussels, and usually gained entry by boring. Although the average 
time taken to bore and eat a Mytilus (up to 25 mm long) was less than 24 
hours each Ocenebra ate an average of ouly 3.58 Myti/;us in 38 days. Absence of 
food for several days led to a temporary increase in the number of feeding Ocenebra. 
Ocenebra collected from ahthamalus challengeri showed a preference for this 
food over Mytilus, but when only ·Mytilus was available it was usually eaten. 
Young specimens collected from barnacles died when only Mytilus was offered to 
them, but comparable specimens which had been feeding on Mytilus before 
collection fed on either food. Adult specimens when first fed on a. ohallengeri for 
more than two months and then offered ouly Mytilus refused to feed. When fed 
on Mytilus, the number eaten increased with the density of the prey and then 
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decreased sharply. The Mytilus attached byssus threads to feeding Ocenebra 
trapping them. With a thicker shelled mussel where boring took longer the 
effect was more pronounced. 
Newly-hatched Ocenebra ate newly-settled 0. challengPJri and Mytilus at the 
rate of four or five each a day and grew a complete shell whorl in a week. The 
dead shells were soon washed away leaving no evidence of this heavy predation. 
Small specimens maintained in the laboratory grew rapidly but most adult shells 
did not appear to increase in size at all. 
The gastropods Thais bronni, T. clavigPJra and Nucella freycineti all fed on 
Mytilus and large barnacles. T. bronni did not bore typical muricid bore holes in 
Mytilus. 
At Asamushi intertidal predators were less common than on shores in 
northern New Zealand, and their level on the shore fluctuated seasonally. 
Both Mitrella tenuis and Reticunassa Jratercula were scavenging gastropods 
feeding on dead or dying animals but were unable to attack and feed on live, 
undamaged barnacles or mussels. 
Starfish acted as scavengers and were also able to eat live molluscs and 
barnacles although they did not prey on Mitrella which was often found feeding 
with them. A flatworm was responsible for the deaths of numerous barnacles at 
certain levels, but did not appear able to eat mussels. 
In general, predation is not an important factor affecting zonation at 
Asamushi in the intertidal zone. 
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Explanation of Plate I 
Fig. 1 Ocenebm moving up the shore feeding on Ghthamalus challengeri. Most of the 
dead barnacles have been bored and eaten by the Ocenebra. The bored apical plates 
of some of these barnacles are visible in some of the empty shells. The photograph was 
taken on t he west side of Yunoshima in June 1968. 
Fig. 2 Throe newly-settled Ghthamalus challengeri between one-year -old individuals on 
a jjfytilus shell. All three have been bored (one twice) by the two newly-hatched 
Ocenebra beside the dead large barnacle above and to the right. 
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